One- and two-dimensional 1H NMR, fluorescence, and molecular modeling studies on the tomaymycin-d(ATGCAT)2 adduct. Evidence for two covalent adducts with opposite orientations and stereochemistries at the covalent linkage site.
Tomaymycin is a member of the pyrrolo[1,4]benzodiazepine antitumor-antibiotic group that binds covalently to the exocyclic 2-amino group of guanine in DNA. Previous correlation of fluorescence and NMR data suggested that the 11R,11aS and the 11S,11aS diastereomers of tomaymycin could bind to DNA in two orientations relative to the covalently modified guanine (Barkley, M. D.; Cheatham, S.; Thurston, D. E.; Hurley, L. H. Biochemistry 1986, 25, 3021-3031). We now report on fluorescence, one- and two-dimensional proton NMR, and molecular modeling studies of the tomaymycin-d(ATGCAT)2 adduct, which corroborate these earlier observations. Fluorescence measurements show that there are two species of tomaymycin bound to d(ATGCAT)2, which are tentatively identified as the 11R,11aS and 11S,11aS diastereomers. Two distinct sets of signals for the tomaymycin molecule are present in the proton NMR spectrum of the tomaymycin-d(ATGCAT)2 duplex adduct. Two-dimensional correlation spectroscopy (2D-COSY) studies also show connectivities for four cytosine H5-H6 and eight thymine methyl-H6 protons and thus clearly establish the presence of two distinct species of tomaymycin-d(ATGCAT)2 adducts in solution. A single scalar 11-11a 1H NMR coupling in the 2D-COSY spectrum is indicative of an adduct species that has an S configuration at the C-11 position. Two-dimensional nuclear Overhauser effect (NOESY) spectra of the tomaymycin-d(ATGCAT)2 duplex adduct show that the adducts are relatively nondistortive. In a NOESY experiment, cross-peaks were identified between both the aromatic H9 proton and the ethylidine methyl protons of tomaymycin and two different adenine H2 protons of d(ATGCAT)2. Molecular mechanics calculations with AMBER show that the two species with the thermodynamically most favorable binding energies are the 11R,11aS and 11S,11aS isomers with their aromatic rings to the 5' and 3' sides of the covalently bound guanine, respectively. The NOEs observed between tomaymycin protons and adenine H2 protons are in accord with molecular modeling studies. Taken together, these results strongly suggest that the two forms of tomaymycin bound to d(ATGCAT)2 are the 11S,11aS and 11R,11aS species, oriented with their aromatic rings to the 3' and 5' sides, respectively, of the covalently modified guanines.